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(57) Abstract 



A video time-shifting system having a continuous recording track accessed by separate, asynchronous read and write facilities 
•initiates video program playback anywhere in the program while continuing real time recording, thus providing VCR-likc program control 
like PAUSE/RESUME, REWIND, and FAST FORWARD. Memory (156) stores information relating to various program points so that 
even after multiple PAUSE commands, the system automatically provides correct program re-entry. Preferably, the storage means is a 
continuous recording track in a magnetic disk drive. To prevent video program data recording or reproducing discontinuities, the system 
preferably incorporates automatic switching between plural write heads (124. 126, 132. 134), each associated with different recording tracks, 
to link the different recording tracks into a single, continuous track. Although analog program information may be stored, preferably digital 
storage along with data compression (105, 107) is used to increase recording capacity. The system preferably further includes a video 
display generator (144) to output program-related visual indicia (202. 242, 244), and symbols (206. 212. 214, 240. 246) relating to one or 
more points in the prograiT. and/or the time-shifted version thereof, to the display device. 
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VIDEO TIME-SHIFTING APPARATUS 

Field of the Inventiion 
The present invention relates generally to the 
storage and retrieval of video programming and, more 
particularly, to a system operative to produce a time- shifted 
5 version of an incoming video program to give an operator the 
type of control over the program ordinarily associated with 
local storage. 

Background of the Invention 
One reason for the immense popularity of the video 

10 rental industry is that cassette-stored programming gives the 
viewer total control over playback operations. Not only can 
the purchaser choose to watch a movie when desired, but also 
functions such as PAUSE, FAST FORWARD and REWIND may be used 
to take a brecik from viewing, review material of interest, or 

15 advance beyond portions which previously have been viewed or 
which may be of no interest to the viewer. 

Programs broadcast in real time do not offer such 
viewer conveniences . With the advent of Ccible distribution 
and the ongoing increase in channel capacity, a greater number 

20 of video programs will become available, including numerous 
feature-length movies. Accordingly, some industry observers 
have proposed two-way cable systems wherein the same movie may 
be broadcast over different channels at slightly staggered 
starting times, so that viewers may be able to switch between 

25 these channels, thereby simulating VCR-like operator controls 
such as PAUSE, FAST FORWARD and REWIND. However, these 
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schemes do a poor job of simulating operator control, due to 
the relatively large temporal transitions involved; 
furthermore, they are extremely wasteful of bandwidth, which 
could otherwise be used for entirely different programs, 
5 thereby satisfying a larger audience. 

Sata et al. (U.S. Pat. No. 5,134,499) disclose an 
apparatus for recording video to provide the equivalent of a 
variable- length "tape -delay, " preferably by way of 
magneto- optical disc storage. However, recording capacity is 

10 limited, and when the record optical head assembly reaches the 
end of the track at the outer edge of the disc, it must be 
repositioned rapidly to the beginning of the track, which 
requires the use of buffer means to ensure that no signal 
content is lost during the mechanical repositioning process. 

15 Furthermore, Sata et al. provide only minimal provisions for 
control of the operation of the read optical head assembly, 
including only those provisions necessary to position the read 
optical head assembly at a particular point at which to begin 
playback of the program material. 

20 Goldwasser et al, U.S. Patent No. 5,241,428 

discloses a variable-delayed video recorder, including a user 
control panel which enables playback of previously recorded 
material to be temporarily stopped and then resumed without 
interrupting the recording of new material. If there are 

25 portions of the program that the user does not wish to see 
{e:g, , coTnrn8rci5.1s ) , he CHn s^eed (i.e. , FAST FORWARD) through 
those recorded portions and catch up to the live broadcast. 
The user can also rewind and replay portions of the program as 
the video recorder continues to record the program. However, 
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in all embodiments of the invention the video program material 
is effectively stored in a FIFO (first-in, first-out) buffer 
of variable length so that the user can view the video 
material in the sequence in which it is broadcast, while 
5 varying the delay between recording and playback. 
Additionally, the "random access" embodiment of the invention 
is based upon retrieving stored samples from a memory, thus 
requiring an algorithm to control the storage and retrieval of 
such samples, a complication that could be avoided through a 

10 continuous and uninterrupted recording. 

Therefore there remains an unsatisfied need for a 
video time -shifting apparatus capable of recording a full- 
length program without discontinuity and without the need for 
extensive, auxiliary buffering. Such a system should not only 

15 support asynchronous recall of the program, but should provide 
a user with sophisticated, VCR-like controls over the program, 
such as PAUSE/RESUME, REVIEW, REWIND, and FAST FORWARD. 
Additionally, as the user may be interested in accessing 
particular points in either the incoming or any time-shifted 

20 version of the program, facilities to comm\inicate playback 
progress and to mark points of interest would also prove 
convenient . 

Summary o f the Invention 
The present invention is directed toward a video 
25 time-shifting system including storage means, disposed in a 
video path between a video input and output, and configured as 
a continuous recording track accessed by separate, asychronous 
read and write facilities. Broadly, under operator control, 
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reading may occur at any point on the continuous recording 
track, and playback of the program may begin therefrom, thus 
simulating VCR-like program control features such as PAUSE/ 
RESUME, REVIEW, REWIND, and FAST FORWARD. The system may be 
5 disposed in a separate housing or form part of a video 
cassette recorder, television receiver, monitor, personal 
con5)uter, or any other piece of equipment associated with the 
viewing of video-based programming. 

In the preferred embodiment, the video storage means 

10 takes the form of a magnetic disk drive having multiple, 
asynchronous read and write heads, and a controller which 
links separate recording tracks which may be present on 
separate recording surfaces, into a single, continuous 
recording track. More specifically, a dual -sided disk is used 

15 with a pair of write heads directly above and below one 
another, and the positioning system which moves them as an 
integral \init inwardly and outwardly along a radial path. A 
pair of read heads are further provided and mechanically 
linked above and below one another to access the upper and 

20 lower surfaces of the disk for playback purposes, using 
separately controlled actuators so that the write and read 
heads do not interfere mechanically. With such a 
configuration, the disk may spin at constant speed, with the 
write heads moving slowly as a unit between the inner and 

25 outer edges associated with their respective disk surfaces, 

representative of the incoming video program as a continuous 
spiral track. When the writing head reaches an innermost or 
outermost extent of its associated track, recording is 
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immediately switched to the other write head, and movement of 
the heads is reversed, thereby linking the tracks present on 
the upper and lower surfaces into a single, continuous track, 
* without the need for extensive buffering of the program as 

5 received. Switching of the read heads, being similarly joined 
into a physical unit, may also immediately switch at such 
turnaround points, to ensure that readout may likewise occur 
on a smooth, continuous basis. Although, in the preferred 
embodiment, a pair of read and write heads are used in 

10 conjunction with a two-sided recording surface, different 
write and read heads may be used in conjxinction with different 
recording surfaces, so long as the system controller is able 
to perform the necessary switching to link separate recording 
tracks into a single track so as to avoid discontinuities in 

15 the reading and writing program. 

A memory is used to store information relating to 
various points in the program so that, for example, when a 
PAUSE command is received, the memory stores information 
relating to that point in the program, and when a RESUME 

20 command is received, playback automatically commences from 
that point, thereby outputting the program time shifted by the 
delay between the receipt of the two commands. When paused, 
the system preferably outputs a FREEZE FRAME, and even upon 
receipt of multiple PAUSE commands, the system automatically 

25 keeps track of correct program re-entry. 

In the case of a REVIEW command, previously recorded 
points of the program are rapidly accessed and displayed. 
That is, the program moves backwards while the REVIEW command 
is activated, for example, using an associated button on a 
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remote control, until such time that the button is no longer 
depressed, at which time normal display of the program 
commences, but from a point in the program previous to real 
time. The system is also capable of REWIND in the sense that 
5 any previously recorded point of the program may be 
immediately accessed, with playback commencing therefrom, 
similar to a REWIND function with a VCR in the STOP mode, 
except that, owing to the advantageous implementation of the 
invention, such an operation is carried out in a near 

10 instantaneous manner. 

If a time-shifted version of the program is being 
output for any reason, a FAST FORWARD command may be entered, 
in which case playback is speeded up until deactivation of the 
command, at which time normal playback resumes, resulting in 

15 the output of the program exhibiting a reduced time shift, 
including a zero time shift in the event the operator "catches 
up" with the incoming program as it is being received. 

Optional operator controls enable the viewer to jiomp 
ahead in the program, for example, to advance in increments of 

20 30 seconds so as to avoid the viewing of commercial 
advertisements . 

The system preferably further includes a video 
display generator to output for viewing on the display device 
visual indicia relating to the program and, additionally, 

25 symbols relating to one or more points in the program and/or 

— . . WJ*^WV^^« W^W-W**— -J 

further operative to accept a MARK command associated with a 
user-defined point in the program, and commence playback 
directly therefrom. 
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Brief Description of the Drawings 
FIGURE 1 is a block diagram of a system which 
provides operator control over an incoming video program 
utilizing a disk drive to store video-based information in 
5 digitally coit^ressed form; 

FIGURE 2A is a drawing of a display generated by the 
invention which may be used to provide feedback concerning the 
recording progress and the placement of markers at user- 
defined points in the program; 
10 FIGURE 2B is a version of the display of Figure 2A 

wherein the viewer has moved a cursor in alignment with a 
previously set marker to view a time- shifted version of a 
program as it is being recorded; and 

FIGURE 2C is yet a further display generated by a 
15 version of the invention wherein schedule information is 
previously available, including the name of the program, start 
time and end time. 

Detailed Description o£ the Invention 

The present invention provides operator control over 
20 an incoming video program, even if such program is broadcast 
in real time. Broadly, the invention causes a video 
transmission in progress to be displayed so as to give an 
operator the impression that the video program material is 
locally stored, thereby enabling functions such as PAUSE and 
25 RESUME to be carried out upon the program material that has 
already been received. 

Subject to implementation variations described 
below, the system automatically and continuously records the 
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incoming program selected by a user on an associated display 
device. If a program- control command is received, the system 
continues to store the incoming video program and keeps track 
of the exact position in the program associated with the 
5 activation of the particular command. Thus, when a PAUSE is 
followed by a RESUME command, the program continues to be 
displayed from the point at which it was paused, although now 
time shifted relative to the broadcast as received. The 
system also preferably outputs a "FREEZE FRAME" of the program 
10 to the display device during activation of the PAUSE. The 
system accommodates multiple PAUSE commands, always keeping 
track of the correct program re-entry point to ensure that the 
entire program is ultimately delivered to an associated 
display device. 

15 A similar time-shifting occurs upon activation of a 

REVIEW command, which causes the program to run backwards on 
the associated display device, until deactivation of the 
command, at which time playback commences, again resulting in 
the display of a time-shifted version. If a time-shifted 

20 version is currently displayed for any reason, be it through 
PAUSE/RESUME or RE VIEW /RE WIND, the system preferably further 
supports the ability to FAST FORWARD the program, at least to 
the extent of the time shift, until such time that the 
operator has "caught up" with the incoming program as it is 

25 being received. Such time shifting is not limited to the 
duration of the cciginal program broarlca^t; or the immediate 
time period following, however, and, in fact, the viewing of 
the program could be completed several days later, allowing 
the invention to function like a conventional video recorder. 
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Although the foregoing discussion has referred to 
time- shifted "versions" of the program, the reader should 
realize that, in fact, there is only one recorded version of 
the program, that being written onto the recording medium, be 
5 it a tape, disk, cind so forth. These time- shifted versions of 
the program simply refer to the way in which reading of the 
program is carried out for playback purposes. 

Operator control is enhanced by allowing the viewer 
to jump forward or backward through the program by 

10 programmable steps, for example at 30-second intervals, 
thereby allowing the viewer a more convenient method to skip 
undesirable program material, such as commercial 
advertisements. In order to quickly determine those functions 
which a user has ^carried out, and to access points of the 

15 program in a straightforward manner, the invention preferably 
includes a means to display visual indicia on the associated 
display device indicative of the time shift, and points of 
interest in the program, whether inherent or user-defined. 

Figure 1 shows, in block diagram form, a high-level 

20 overview of a system based upon the principles of the 
invention. A source of video program material is received 
over path 104, and video to be played or replayed is delivered 
along line 108 to a display device (not shown) . The source of 
video program material may take any form, including off-air or 

25 satellite reception, cable transmission, etc., whether in 
analog, digital or digitally compressed form. The system may 
also be used when downloading video information from a 
computer network. The display may include any type of video 
monitor, including VGA- format computer video, standard 
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television, or HDTV formats. 

A system controller 112 receives instructions from 
an operator input, shown generally at 160, and coordinates 
record and playback functions of a video storage means as 
5 necessary to effectuate a particular command, as described 
herein below. 

Certain of the components depicted in Figure 1, and 
in particular the system controller 112 and storage means, may 
be contained within any type of enclosure associated with 

10 video processing, including a video cassette recorder (VCR) , 
a separate enclosure, or such con5)onents as alternatively may 
be included with a television receiver, monitor or personal 
computer, since the invention resides in large part in the 
manner in which the controller 112 ^has been programmed to 

15 ensure the complete replay of an input video program, even 
when delayed some period of time from when broadcast or 
received in real time. 

In a VCR application, although the invention may be 
configured in-line prior to the cassette recorder portion, 

20 thereby enabling the output video signal to be routed either 
to a display device, or to the cassette, or both, the cassette 
recorder portion may instead be configured in-line prior to 
the apparatus of the invention. As such, the "incoming video" 
as defined herein may include not only live broadcasts, but 

25 also program material derived from the cassette during play. 
Such 8.rr?*ng8TT\6nt offers particular advantages, including 
the ability of certain controls such as REVIEW, REWIND and 
FAST FORWARD (assuming a time- shift) to respond immediately, 
thus avoiding any time delays associated with tape transport. 
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That is, given a configuration wherein the cassette plays 
continuously from beginning to end, in the event that such a 
command is received, instead of actually moving the tape, the 
invention may instead be used for a more efficient 
5 implementation of this function, including the ability to 
review large amounts of program material on an express basis, 
including junps associated with long program sequences, which 
would be in5)ractical through actual tape transport, and which 
might result in unnecessary stress on the tape. 

10 The discussion with respect to Figure 1 centers on 

video storage means in the form of a magnetic disk drive, 
though such storage means may take other forms, including 
magnetic tape, optical disk, magneto- optical disk, or solid 
state memory, for exairple a very high capacity charge- coupled 

15 device, video RAM, and so forth. In a disk-based 
configuration, system controller 112 interfaces with a disk 
controller 114, which is responsible for accurate rotation of 
the disk 116 and any additional platters 118 rotatable about 
oixis 120, cind also coordinates recording of information 

20 representative of a video program through write circuitry 122, 
through proper positioning of write heads 124 and 126. 
Additionally, disk controller 114 provides asynchronous 
control over replay through read circuitry 130 in concert with 
positioning of read heads 132 and 134. 

25 The disk drive is of a read/write type similar to 

those used in personal computers, but preferably with 
independent read/write heads, one set being employed for 
recording, and the other being used for playback, using 
separately controlled actuators so that the heads do not 
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interfere mechanically. Although a typical personal -computer 
disk drive currently is capable of reading or writing data at 
approximately eight times the data rate required for 
compressed digital video, it necessarily would be required to 
5 alternate between writing, repositioning, reading, and 
repositioning again, which could produce undesirable noise and 
heat, thereby shortening the lifetime of the drive and perhaps 
generating unwanted visual artifacts in need of correction. 
This would also require buffering of at least several frames 

10 of video during record and playback operations. As such, the 
preferred multiple-head solution eliminates rapid head 
movement, and also eliminates the requirement for buffering. 
A separate frame store may, however, be necessary in 
conjunction with the coTr5)ression and decompression engines 107 

15 and 140, respectively, discussed below. 

In the preferred multiple-head version of the 
invention, while the disk drive spins at constant speed, the 
record heads move slowly between the outer edge and the inner 
edge of the recording surface. When a head reaches its 

20 turnaround point, the recording function is automatically 
switched to the next head in the set. As such, data on one 
surface is recorded from the outer edge to the inner edge, 
while data on the surface associated with the other head is 
recorded from the inner edge to the outer edge, thus obviating 

25 the need for random head repositioning. 

lia cl'it; pi e£ erred eUiijOdirfieriu , wiite heads 124 oTiu 126 

are located directly above and below one another, 
respectively, and are physically joined so that the head 
positioning apparatus moves both heads radially inwardly and 
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outwardly as a unit. Using such a structure, then, assuming 
head 124 is currently writing data representative of an 
incoming video program along a continuous spiral track with 
respect to the upper surface of the disk 116, when the heads 
5 are extended radially inwardly to their greatest possible 
extent, for example, with head 124 being positioned at the end 
of track 125, the system automatically switches writing from 
head 124 to 126, which represents the end-of -track position 
125' on the lower surface of the disk 116, at which time the 

10 write heads are jointly moved radially outwardly and data 
representative of an incoming video program is written on a 
spiral track defined on the bottom surface of the disk 116. 
When write heads 124 and 126 have been moved outwardly to 
their greatest possible extent, that is, toward the outer 

15 periphery of the disk 116, the writing process is again 
switched, now from head 126 back to head 124. Disk controller 
114 coordinates activities of the read and write circuits auid 
head positioning mechanisms in conjunction with the system 
controller 112 to ensure a smooth transition between the 

20 switching of the writing heads, without the need of any 
extensive buffering. 

Although the physical end-of -track positions are 
used as the switching points for the write heads, this 
switching need not be associated with any physical limit, but 

25 instead may occur with respect to any position on one or more 
disks, whether single- or double-sided, so long as the 
switching is used to link individual recording surfaces into 
a single, continuous track. Thus, an internal portion of a 
disk surface may be used in conjunction with a different, 
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internal portion of another disk surface, switching between 
the two surfaces to bring about a continuous writing process 
without ever reaching a physical end- of -track position. 
Furthermore, although Figure 1 shows the two write heads 124 
5 and 126 on opposite sides of the same disk, though this may 
represent a preferred configuration, switching among write 
heads may alternatively be carried out with respect to 
different write heads associated with other platters. 

In all embodiments, reading of the video-based 

10 information is necessarily carried out asynchronously from the 
writing thereof, to provide the operator control features 
referenced above. In the preferred embodiment, the read heads 
132 and 134 are similarly directly above and below one another 
with respect to the same disk 116, the positioning of which is 

15 independently controlled through read circuitry 130. The read 
heads 132 and 134 also move as a unit to ensure that if 
reading must move past a point where switching between write 
heads has previously occurred, whether at the end- of -track 
boundary or otherwise, simultaneous switching of the read head 

20 may likewise occur at this point to ensure that recall of the 
video-based information may be read out without discontinuity, 
and without the need for any extensive buffering with respect 
to the read operations. 

Operator commands preferably at least include a 

25 PAUSE/RESUME function, activated through buttons 166 and 168, 

system capability, a FAST FORWARD function 170, REVIEW or 
REWIND function 172, and other operator controls, may 
additionally be provided. In the preferred embodiment, the 
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controller 160 represents a remote unit, such as a 
conventional infrared-type (IR) remote controller unit, which 
previously may have been made available, as part of a 
television or VCR system, or may instead be provided as an 
5 integral part of the invention. 

System controller 112 preferably takes the form of 
a microprocessor or microcoiT^)uter of conventional design, and 
integrates other aspects 152 including a real-time clock 150, 
read-only memory 152 containing both the software necessary to 

10 carry out the functions described said also an optional set of 
prompting messages, graphical symbols, and so forth, and ciny 
read/write memory necessary for storing tenporary information. 
Controller 112 connects to any or all of the other subsystems, 
as necessary, to implement the particular configuration 

15 selected. 

If received in analog form, the incoming video is 
first digitized by an optional analog- to-digital (A-D) 
converter 105. The output of the A-D converter 105 is then 
prefersQDly delivered to a compression engine 107 so as to 

20 reduce the size of the digital representation. Dashed lines 
104* and 106' are used to indicate that other types of video 
signals may be used directly for recording purposes, including 
direct analog recording, digital recording without coitpression 
and digital recording of a previously compressed signal . The 

25 invention may therefore take direct advantage of systems 
wherein the video signal is in digitally compressed form, 
including recently introduced digital satellite systems, and 
in compliance with digitally implemented HDTV broadcast 
standards . 
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Regardless of the point at which this conpression is 
carried out, decompression engine 140 is used to expand the 
program back into a non- compressed form. Although blocks 107 
and 140 are shown separate from one another in Figure 1, these 
5 functions, may in fact, be combined into a single physical 
entity, such as a programmed microcomputer which performs a 
particular compression algorithm in both directions. This 
algorithm may conform to the Joint Photographic Experts Group 
(JPEG, ISO, Standard H.261) Motion Pictures Experts Group 

10 (MPEG) , the newly introduced MPEG- II, or ajiy appropriate 
standard or proprietary method of reducing data requirements. 

This compression engine alternatively may be 
configured under system control so as to provide user options 
in selecting a particular compression algorithm or compression 

15 ratio, for example, to enable a viewer to select a lower- 
quality image to increase the available program recording time 
for a given amount of storage capacity. This type of 
compromise, that is, quality vs. recording time, is currently 
performed by users when selecting SP-mode vs. EP-mode 

20 recording options in conjunction with video cassette 
recorders. In combination with this invention, these 
compromises could involve aspects such as compression ratio, 
spatial or temporal processing, frame-rate reduction, and so 
forth. 

25 Optional digital-to-analog (D-A) converter 142 

converts the decompressed digita.1 representation of the video 
program back into an analog signal, if necessary, for 
subsequent display. Display generation circuitry 144 is used 
to display operator prompting messages provided by controller 
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112, as well as to indicate points in the program, including 
a time-shifted version, as well as the relative delay between 
the record time and the playback time. Dashed line 131 is 
used to indicate that in the event the program material was 
5 previously recorded in analog form, decompression blocks 140 
and 142 may be obviated, and a signal from the read circuit 
130 may be output directly along path 108, preferably through 
display generator 144. 

Marker memory 156, which may be separate from, or 

10 integrated with, system controller 112, is used to load 
information concerning program markers described below, and to 
keep track of any other points of interest in the program 
which may have been automatically generated by the system. In 
the preferred embodiment, using a magnetic disk for storage, 

15 recording surfaces of such a disk are typically arranged in 
terms of radially outward spokes defining sectors and 
concentric rings defining tracks. As such, a marker memory 
156 preferably stores sector and track information associated 
with a point of interest, whether user entered or 

20 automatically generated by the system, to enable the head 
positioning apparatus to move on an express basis to those 
track and sector locations associated with a particular point 
of interest. Any other approach capable of locating program 
storage locations may alternatively be used. 

25 FIGURE 2 illustrates ways in which status 

information may be conveyed to a viewer through the use of 
program- related graphical indicia displayed on the same screen 
as the program material itself. Although the following 
discussion concentrates of the use of a horizontal bar- type of 
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graphical representation, it should be understood that other 
means to communicate the same information may alternatively be 
used, including clock faces and other graphical symbology, in 
addition to text or numerical -only formats; 
5 FIGURE 2A illustrates one possible display 

associated with an incoming program for which detailed 
schedule information, including exact starting or ending times 
is unavailable. Such might be the case if the program is 
derived from a video cassette or received in broadcast form 

10 through a system which does not provide such supplemental 
information. It is assumed that the display of Figure 2A and 
the other displays discussed below are not necessarily always 
visible on the screen, but may appear on a selectively basis, 
for example, when a user depresses a button on a remote 

15 control . 

In Figure 2A, the horizontal width of the bar 202 is 
representative of the period of time over which the incoming 
program has been recorded, and thus also reflects the amount 
of program material actually recorded by the system. It is 

20 assumed that recording commenced at 11:16 a.m., suid that the 
present time 3:16 p.m. not only are both values optionally but 
conveniently displayed, but also an arrow or cursor 204 is 
conveniently used to indicate that point of the program now 
being output to the screen. In the event that the picture is 

25 being watched in real time, this arrow 204 will coincide with 
th"? rightmost edge of the horizontsl b^r 202, 8.nd both will 
slowly move rightwardly as the recording apparatus continues 
to store additional amounts of the incoming programming. 
Figure 2 A also shows how one or more markers 206 may 
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conveniently but optionally be inserted by the user, for 
example, to mark particular times or portions in a program to 
which the viewer might wish to return. The marker 206, in 
Figure 2A, for example, has been placed at 12 noon. Such 
5 markers may be inserted in at least two ways. Firstly, as the 
program is being watched, the viewer sees something of 
interest to which the viewer may wish to return, such a mark 
may be entered immediately at that time, preferably through a 
MARK function provided on the remote control. Alternatively, 

10 if the viewer later remembers something worthy of marking, the 
arrow 204 may be dragged back to any previously recorded of 
the program, until that sequence is found, then marked, then, 
if the viewer so desires, the arrow 204 may be returned to any 
other previously recorded portion of the program, including 

15 real time, with viewing resuming therefrom. 

In Figure 2B, a viewer has moved the cursor 212 back 
to the marker at 12 noon, with program being output from that 
time. Since the viewer is no longer watching the program in 
real time, a marker 214 may be placed at the point associated 

20 with the viewer's departure from the real time broadcast. In 
this and other cases known to be of interest for the purposes 
of returning to the program, the system itself might 
automatically insert the marker 214 to facilitate an easy 
return to that point. That viewing actually recommences at 

25 12:01 p.m., and that the rightmost portion of the horizontal 
bar is already slightly past the marker 214, as it is assumed 
that the operation itself will take one or more seconds to 
complete . 

Figure 2C illustrates one possible graphical display 
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associated with the recording of a program for which 
information about the program is known in advance, including 
start time, ending time and, perhaps the title. Such future 
program schedule information may be provided either through a 
5 downloaded broadcast or in the form of a removable read-only 
memory, as described, for example, in U.S. Patent No. 
4,908,713. Thus, in Figure 2C, the system "knows" that the 
program currently being recorded began at, say, 1 p.m. and 
will end at 3:00 p.m. In this case,- the width of the 

10 horizontal bar may remain fixed and indicative of a program 
length, but divided into a left-hand already recorded portion 
242 and a right-hand yet -to -be -recorded portion 244, separated 
by a delineation 246 indicative of current time. Thus, as the 
program is received and recorded, this boundary 246 will 

15 slowly move from left to right in this particular embodiment, 
to convey to a viewer that a larger and larger percentage of 
the incoming program is being stored. Conveniently, the left 
portion 242 and right portion 244 may be of different textures 
or colors, such as green and red, respectively. 

20 Continuing the reference to Figure 2C, a cursor or 

arrow 250, similar to that described with reference to Figure 
2 A and 2B, may be moved by the operator to any point in the 
section 242, hence the convenient use of a green color for 
this area. By activating a REVIEW button, this arrow 250 will 

25 slowly move to the left in the diagram, with the previously 
r^cord^d portion traversed being output in backwards fashion, 
much like the REWIND operation of a cassette tape during PLAY 
mode. Alternatively, the operator may simply drag the arrow 
250 to any portion of the area 242, and, when movement of the 
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arrow ceases, playback of the recorded material will resume 
from that point in time-shifted fashion, much like a very fast 
and direct rewind operation. Regardless of how the arrow 250 
is moved within the area 242, a time may optionally be 
5 displayed in conjunction therewith, as being indicative of 
that time in the particular program where the arrow 250 has 
come to rest. Although the times shown in Figure 2C have to 
do with the actual times associated with the broadcast of the 
program, alternatively, the user may selectively display times 
10 relative to the start of the program, even if actual schedule 
information has been made available, in which the leftmost 
value would read 0 and the rightmost value would read 2 hours, 
in this case indicating a two-hour program. 
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I Claim: 

1. A video time -shifting apparatus, comprising: 
an input to receive a video program from a source of 
such programs; 

a video output to view the program on an associated 
5 display devices- 
video record/playback means, including: 

a storage medium configured as a continuous 
recording track, 

a write head in communication with the input 
10 to record information representative of the program 

on the track as the program is received, and 

a read head in communication with the video 
output which is capable of accessing the track 
asynchronously from the write head; 
15 a memory for storing information relating to points 

in the program; and 

a user control in operative communication with the 
video record/playback means and the memory, the control being 
operative to: 

20 cause the memory to store information relating 

to a particular point in the program as it is 
received and begin playback from that point after a 
delay, thereby outputting a time- shifted version of 
the program which simulates a PAUSE/RESUME 

25 function. 



2. The video time-shifting apparatus of claim 1, 
the user control being further operative to: 

cause the read head to access a previously recorded 
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point in the program and begin playback from that point, 
thereby outputting a time-shifted version of the program which 
simulates a REWIND function. 

3. The video time-shifting apparatus of claim 1, 
5 the user control being further operative to: 

cause the read head to access a point in the program 
associated with a time-shifted version of the program and 
begin playback from that point, including points associated 
with a reduced time shift, thereby simulating a FAST FORWARD 
10 function. 

4. The video time-shifting apparatus of claim l, 
including a plurality of write heads, each associated with a 
different recording track, the apparatus automatically 
switching from one write head to another to effectively link 

15 the different recording tracks to form the continuous 
recording track. 

5. The video time- shifting apparatus of claim 4, 
including a plurality of write heads associated with different 
recording surfaces in a disk drive . 

20 6. The video time- shifting apparatus of claim 4, 

including a magnetic disk drive. 

7. The video time-shifting apparatus of claim 4, 
including an optical disk drive. 
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8. The video time -shifting apparatus of claim 4, 
including a magneto-optical disk drive. 

9. The video time-shifting apparatus of claim 4, 
wherein a pair of write heads move in unison with respect to 

5 their respective surfaces, such that when writing is 
terminated with respect to one of the heads, writing 
automatically commences with respect to the other head. 

10. The video time-shifting apparatus of claim 9, 
wherein the write heads are radially aligned relative to 

10 spiral tracks respectively formed on circular recording 
surfaces, such that when the heads have moved radially inward 
or outward to their fullest extent, writing switches from one 
head to the other. 

11. The video time-shifting apparatus of claim 10, 
15 wherein the pair of write heads are disposed on opposite side 

of the same disk. 

12. The video time-shifting apparatus of claim 10, 
wherein the pair of write heads are associated with different 
disks . 

20 13. The video time-shifting apparatus of claim 1, 

wh3T*ptT_n th^ source of video progrnrp.s includes a }?roadcast 
signal . 

14. The video time-shifting apparatus of claim 1, 
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wherein the source of video programs is a video cassette. 

15. The video time -shifting apparatus of claim 1, 
further including a video display generator in operative 
communication with the video output, video record/playback 

5 means and user control, the video display generator being 
operative to output for viewing on the display device visual 
indicia relating to a point in the program. 

16. The video time-shifting apparatus of claim 15, 
the video display generator being further operative to output 

10 for viewing on the display device visual indicia relating to 
a point in the time- shifted version of the program. 

17. The video time-shifting apparatus of claim 1, 
the user control being further operative to enable a user to 
enter into the memory a user-defined point in the program, cind 

15 cause the read head to begin playback from that a point. 

18. The video time-shifting apparatus of claim 1, 
further including a time-keeping device, and wherein the 
points in the program are time-related. 

19. The video time-shifting apparatus of claim 1, 
20 wherein the recorded information representative of the program 

is substantially analog. 

20. The video time-shifting apparatus of claim 1, 
wherein the recorded information representative of the program 
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is substantially digital . 

21. The video time- shifting apparatus of claim l, 
further including means to record the information in digitally 
compressed form and decompress the information for output to 

5 the display device. 

22. A system for producing a time-shifted version 
of a video program received in real time to provide a viewer 
the type of program control commands ordinarily associated 
with local storage of the program, the system comprising: 

10 an input to receive the program in the form of 

sequential video frames; 

an output to deliver the program to a display 

device ; 

read/write storage means disposed in a video path 
15 between the input and output, the storage means being 
operative to continuously receive and store information 
representative of the program from the input and recall the 
information to the output on an asychronous basis; 

a memory for storing information relating to points 
20 in the program; and 

an interface for receiving user commands; and 
a controller in operative communication with the 
read/write storage means, memory, and interface, the 
controller being operative, upon receipt of an associated user 
25 command, to perform the following functions, at all times 
continuing to record the program as it is received, the user 
commands including : 
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PAUSE, which causes the memory to store 
information relating to that point in the program 
associated with the activation of the PAUSE 
function, and 

5 RESUME, which causes a time- shifted playback 

to resume from that point in the program associated 
with the activation of the PAUSE function. 

23. The system of claim 22, wherein activation of 
the PAUSE command further causes the recall of the same frame 

10 from the read/write storage means, thereby outputting a freeze 
frame to the display device. 

24. The system of claim 22, further including a 
REWIND command, which causes a sequence of previous frames to 
be recalled and output to the display device until 

15 deactivation of the command, at which time a time- shifted 
playback of the program resumes. 

25. The system of claim 24, the system further 

including : 

a time-keeping device; and 
20 a user command causing the controller to REWIND by 

a predetermined amount of time. 

26. The system of claim 22, further including a 
FAST FORWARD command, operative if a time-shifted version of 
the program is currently being output, in which case playback 

25 is speeded up until deactivation of the command, at which time 
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normal playback resumes, resulting in the output of the 
program exhibiting a reduced time shift. 

27. The system of claim 26, the system further 

including : 

5 a time-keeping device,- and 

a user command causing the controller to FAST 
FORWARD by a predetermined amount of time. 

28. The system of claim 22, wherein the system 
forms part of a television viewing system. 

10 29. The system of claim 22, further including a 

MARK user command causing the memory to store information 
associated with user-defined points in the program and to 
selectively resume playback from such points. 

30. The system of claim 29, further including a 
15 graphics display generator operative to output for display 

visual indicia relating to the user-defined points in the 
program. 

31. A video recorder /reproducer , comprising: 

an input to receive a video program in the form of 
20 sequential video frames; 

a video output tc view the program on an Rssoci^ted 
display device; 

storage means disposed in a video path between the 
input and output, including a continuous recording track 
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accessed by separate, asychronous read and write headsm- 
an operator interface; and 

a controller in operative communication with the 
video storage means ajid operator interface, the controller 
5 being operative to: 

cause the video storage means continuously 
store data representative of the program as it is 
being received, and 

cause the read head under operator control to 
10 access any point on the continuous recording track 

which contains data representative of the program 
and output frames of the video program at a 
variable rate, thereby simulating VCR-like program 
control features such as PAUSE/RESUME, REWIND, and 
15 FAST FORWARD. 

32. The video recorder/reproducer of claim 31, the 
storage means including one or more disks with recording 
surfaces configured into a single, continuous recording track. 

33. The video recorder/reproducer of claim 31, 
20 including digital storage means. 

34. The video recorder/reproducer of claim 31, 
further including data compression/decompression means to 
increase the capacity of the digital storage means. 
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